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1. Introduction 


It is not possible in a short rewiew of this kind to dis- 
cuss in detail all aspects of Collembolan ecology. I should 
like to concentrate on certain aspects, in particular the re- 
lationship between autecological studies and synecology of 
Collembola, which may elucidate some of the currently held 
opinions in the older literature hintherto unexplained and 
shed new light on the most recent literature. 

Some more or less comprehensive reviews on ecology and eco- 
physiology of Collembola were published recently (Joose 1985, 
Dunger 1983) and it is not necessary to repeat here their con- 
tent. Autecological research on soil animals, including Col- 
lembola, concertrated mainly on ecophysiology in last decade 
(cf Vannier 1983). Some of the results obtained in the labora- 
tory were verified by field experimentation. This should be a 
requirement for all ecological studies. Here some suggestions 
for further research are given. 


2. Autecology 
2.1. Humudity 


Collembola live in wet as well as in dry ecosystems. But 
normally densities and species richness are greatest in humid 
and mesic environments. Collembola were originally both epi- 
geic and soil inhabiting animals and some of them developed, 
during their phylogeny, strategies and adaptations to cope 
with water defficiency. Certain epigeic and atmobiotic spe- 
cies here cuticular structures which protect them against wa- 
ter loss (Lawrence, Massoud 1973). There are differences in 
drought resistance between the developmental stages in the 
same species. The first larval stage of Allacma fusca (L., 
1758) is not resistant to drought whereas the later postem- 
bryonic stages are able to regulate their rates of water loss 
to some extent (Betsch, Vannier 1977). The same is true for 
the first larval stage of atmobiotic Collembola which lives 
in soil (e.g. some Entomobrya spp.) (Rusek 1964). Vannier 
(1983) deals with the different mechanisms of water exchange 
between a soil animal and the surrounding soil. He distin- 
guish three basic types among Collembola regarding the adap- 
tation to the edaphic environment: 
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a) hydrophylic type includes forms which exhibit no control at 
all over their lost of body water (e.g. letrodontophora 
bielanensis (Waga, 1942)). 

b) mesophilic type includes species which exhibit a transpira- 
tion curve profile with a plateau indicating that the rate 
of body transpiration is maintained at a constant level in- 
dependently of the reduction of internal water content (re- 
Er Wd phenomenon, e.g. in Tomocerus minor (Lubbock, 
1962)). 

c) the xerophilic (better: xerotolerant) type also can regula- 
te its transpiration rate, but to a greater extent than the 
mesophilic type (e.g. Seira domestica (Nicolet, 1841), 
Allacma fusca). 

Ecomorphosis is a wide spread phenomenon in some collembo- 
lan families, especially in Hypogastruridae and Isotomidae 
(but also in some Tullbergiinae), and is related to increasing 
temperature and drought during spring and summer in xeric ha- 
bitats. Ecomorphic animals have the ability to keep their wa- 
ter content at a certain level, but show a poorer water regu- 
lation (Dalens, Vannier 1979). Poinsot (1974) described anhy- 
drobiosis in some xerotolerant species. Animals in anhydrobio- 
sis lost about 65% of their total water content and endurec 
the dry period in an inactive state. Anhydrobiosis is reversi- 
ble and the animals become active when soil moisture rises. 
Testering (1981) described quiescence in some epigeic Collem- 
bola during which the animals starve and generally show a lo- 
wer metabolic rate, including transpiration. Some of the 
euedaphic species very sensitive to dessication have developec 
an extensive water conducting system comparable with the ter- 
restrial isopods (Rusek 1987). These species (e.g. Isotomielle 
minor (Schaffer, 1896), Oncopodura spp., Megalothorax spp.) 
can compensate for water deficiency during the night when the 
dew point within the soil is reached. 

In some ecosystems, such as flooded meadows and riparian 
forests, Collembola have to cope with a surplus of water. Du - 
ring the spring inundations, when water temperatures are low 
and oxygen content sufficiently high, they survive in inunda- 
ted soil almost without damage,whereas during the summer flood 
collembolan density is reduced drastically (by 89%). The eu- 
edaphic forms are reduced more than the hemiedaphic and epi- 
geic ones (Rusek 1984). Some species can survive the summer 
inundation in an egg stage and recolonize the soil soon after 
the water retreats with newly hatched animals (e.g. Isotomiel- 
la minor), others are completely destroyed and recolonization 
takes place from the surrounding higher elevation localities 
(e.g. Folsomia quadrioculata (Tullberg, 1871)). 


2.2. Temperature 


As in most soil animals, the optimal temperature for Col- 
lembola is low and lies between 5 and 15°C. But there are 
species active at -2 or +289C, also. Adaptation to very low 
temperatures is a well known phenomenon in some Collembola, 
especially species in polar and alpine zones. Overwintering 
species in the continental climatic regions of the temperate 


272 


zones can also develo- 
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Fig. 1: Surface activity (columns) for activity. There 
and hibernation (dashed line) of are many species of 
three epigeic species (South Bohe- Collembola without 
mia, unpublished data). cold resistance which 


die in the autumn and 

pass the winter in the 
egg stage. To this group belong epigeic and atmobiotic species 
of Smithuridae,  Bourletiellidae,  Dicyrtomidae, Entomobrya 
spp., Lepidocyrtus spp. and others. Since we can derive acti- 
vity patterns from the soil surface studies (Fig. 1), it ap- 
pears that some collembolan species found during the winter 
are in fact in hibernation and are inactive during the late 
autumn and winter (e.g. Lepidocyrtus lanuginosus (Gmelin, 
1788), Pogonognathellus longicornis (Muller, 1776), Orchesella 
flavescens (Bourlet, 183953. We have to assume the tropical 
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species will not tolerate temperatures near O°C and probably 
have low-range stenothermic demands. 


2.3. Soil chemical properties 


The composition of the soil air differs from the atmosphe- 
ric one. Solid soil particles slow down the gas diffusion bet- 
ween soil and atmosphere. C09 concentration in the atmospheric 
air is 0.03%, whereas in the soil it can reach 0.5% or even 
more. The concentration of C02 is heterogenous in the soil ho- 
rizontally as well as vertically. In Folsomia candida (Willem, 
1902) a positive reaction to a concentration gradient of C05 
was established as in other soil animals (Klinger 1959) as an 
adaptation for food searching in microhabitats with higher 
biological activity in soil (i.e. C02 production by roots and 
soil organisms). Vannier (1985) discusses responses to CO» in 
acid and calcareous soils. In an acid soil, higher C02 concen- 
trations can have a selective influence on the soil fauna, fa- 
vouring species possessing adaptive mechanisms (reduction in 
metabolic level, autoregulation of the acid-base balance). It 
seems likely that such species are CÜ5-independent. In acid 
soils Onychiurus armatus (Tullberg, 1869) tolerates C02 con- 
centrations up to 35%, whereas for Onychiurus granulosus 
Stach, 1929 living in neutral or calcareous soils, even a 1.7% 
concentration is fatal. Atmobiotic and epigeic species are 
much more sensitive to C02 than species living deeper in the 
soil. Zinkler and Russbeck (1986) have demonstrated that some 
euedaphic Collembola may survive anoxia and described three 
different physiological adaptations to low oxygen concentra- 
tions. 

There are many data about the impact of soil pH on Collem- 
bola (Hagvar 1987). Since Collembola have a waterrepellent in- 
tegument, direct physiological effects are not considered. Ar- 
tificial changes in the soil pH by simulated acid rain, or by 
liming, affected the population size of many edaphic collem- 
bolans. The results were supported by a laboratory experiment 
where the species were presented with sterile soil samples 
with different pH levels. Mesaphorura yosii (Rusek, 1967), 
Micranurida pygmaea Borner, 1901 and Willemia anophthalma Bor- 
ner, 1901 were established as acidophilic and Isotoma notabi- 
lis Schaffer, 1896 as calciphilic. Hagvar (1987) confirmed 
these results by fieldstudies and presented eight hypotheses 
to explain the reaction of microarthropods to pH. Certain ob- 
servations indicate that competition between different speci- 
es may lead to a preference for a particular pH level. Compa- 
ring these data with results of other authors, in M. yosii, 
M. pygmaea and W. anophthalma acidophily was confirmed, where- 
as I. notabilis tends to be acidophilic, also, but less so 
(cf Ponge 1983). 

Concerning the relation of Collembola to other soil chemi- 
cal properties, such as C, N, Ca, Mg, Mn, Na, K content, etc., 
we have only a few data available in the literature. Studies 
by Hagvar and Abrahamsen (1984) have shown that Collembola 
cannot indicate the soil chemical properties as precisely as, 
can, for instance, certain plants. Combinations of species may, 
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however, increase the level of detection. The authors had two 
major problems in interpreting their results. First, several 
chemical soil parameters are intercorrelated. Also physical 
and biological parameters such as humus type, soil porosity 
and microfloral communities influence the soil chemistry. Se- 
condly, mathematical correlations say nothing about causal re- 
lationships. Correlations found in the field should be suppor- 
ted by laboratory experiments. Ponge with collaborators (cf 
Poursin, Ponge 1984, Ponge 1983) use multivariate analysis of 
correspondences to establish relationships between certain 
species and defined soil properties (e.g. humus form). Such an 
analysis also has to be tested in a laboratory. 

The impact of some pollutants (pesticides, heavy metals) on 
Collembola has been studied by many authors in the field as 
well as in the laboratory. Some Collembola can accumulate and 
excrete heavy metals in form of sphaerocrystals (Humbert 
1977), but these polutants have a negative effect on the re- 
production and metabolic rate (Joose, Verhoef 1983). 


2.4. Food 


Collembola are an extremely diversified group as regards 
food requirements. All species of the genus Friesea are preda- 
tors feeding on soil Rotatoria, enchytraeids and free living 
nematodes. Metisotoma grandiceps (Reuter, 1891) feeds on other 
Collembola. The morphological adaptations of the collembolan 
mouth parts to different types of food are well known from the 
specialized literature. Alternatively Anderson and Healy 
(1972) considered soil Collembola as rather generalized fee- 
ders. Zachariae (1963) concluded incorrectly that Collembola 
do not play an important role in the disintegration of dead 
organic matter and in the process of formation of soil micro- 
structure (Rusek 1985). He overemphasised the importance of 
surface dwelling species, producing soft or "fluid" excre- 
ments,in contradiction with existing data in the literature 
(Dunger 1956, Kubiena 1955). Zachariae s opinion was adopted 
by many pedological and soil biological authors and led to so- 
me misunderstanding of the role of Collembola in soil and eco- 
systems. 

Three main approaches 
are applied in studies 
of food preferences of 
Collembola: a) gut con- 
tent analysis, b) food 
preference experiments, 
c) analysis of gut mi- 
croflora, followed by 
testing the food prefe- 
rence among species iso- 
lated from the gut and 

l 2 3 45 6 7 8 9days from the soil. 
The gut content ana- 
Fig. 2: Food preference of Ünychiu- lysis and the analysis 
rus vanderdrifti to Penicillium spi- of the gut microflora 
nulosum (circles) and P. nigricans. may lead to incorrect 
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interpretation because of the "ballast" eaten together with 
the main food. Some atmobiotic species are phytopagous and 
feed on live plant tissues, e.g. Sminthurus viridis L., 1758. 
Other species feed on pollen grains (e.g. Heterosminthurus 
spp., Bourletiella spp., Lepidocyrtus spp.), but some atmo- 
biotic Symphypleona eat hyphae and spores of fungae and vary 
their food requirements (polen, algae, plant tissues) through- 
out the year (Nadtochiy 1987). 

Many of the epigeic, hemiedaphic and euedaphic species be- 
long to animals which mechanically degrade dead organic mat- 
ter, including litter. It is known, the litter must be coloni- 
zed and chemically altered by microflora before Collembola and 
other soil animals can use it as food (Dunger 1956). Most eu- 
edaphic and hemiedaphic species consume mycelium and spores of 
soil fungi and in many contributions is shown that certain 
species prefer a narrow spectrum of fungal species only 
(Mills, Sinha 1971). The food of the species with sucking 
mouthparts is not known, but we suppose the main constituents 
are bacterial cells and yeasts. The "rakes" and "brushes" on 
the maxillae of some species will serve as filters and for 
"sweeping" microorganisms from the substrate. Some epigeic 
species are algivorous (Nekrasova, Artemeva 1978). It was re- 
corded by Matic and Koledin (1985) that Tetrodontophora bie- 
lanensis eat a different spectrum of fungi during the year ac- 
cording to the changes in the spectrum of fungi in the soil, 
but did not feed on bacteria, actinomycetes and other groups 
of soil microorganisms. When two or more species from the same 
locality use an identical food resource, its utilization usu- 
ally differs. Kilbertus and Vannier (1979) have shown the hyp- 
hae in the excrements of Tomocerus minor are empty, whereas 
the fungivorous Alacma fusca digests the spores, and the hyp- 
hae remain intact. Orchesella villosa (Geoffroy, 1764) feeds 
mainly on soil algae. Ürchesella cincta (L., 1758) feeds par- 
tly on algae, too, but the cell content is ingested only par- 
tially. The other food constituent of 0. cincta is bacteria. 
Also the physiological stage of the soil microflora may in- 
fluence the food preference. In our experiments Onychiurus 
vanderdrifti Gisin, 1952 preferred Penicillium spinulosum only 
in the first days of the experiment, later preference for this 
fungus species decreased, but it increased for Penicillium ni- 
gricans. On the fourth to fifth day the preference for both 
Penicillium species was almost the same and then it changed to 
P. nigricans (Fig. 2), reaching the highest values on the 
sixth to eighth day and then decreased. It is possible, that 
during fungal growth, increased metabolites repel the feeding 
animals. f 

Palatability of food depends on the enzymes in the gut. We 
have a few data concerning digestive enzymes in Collembola (e. 
g. Zinkler, Stecken 1987), but in the filled gut it is diffi- 
cult to distinguish between enzymes produced by the animal 
alone and those of the microflora. 


3. Synecology 


It might seem that the growth in collembolan taxonomy during 
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the last 30 years has stimulated 
synecological studies. But it is 
not the case. The development of 
autecology and ecophysiology pro- 
ceeded independently of taxonomy, 
because it was usually founded Ox 
on the most common, sufficiently ~ 

well defined species. Although the number of synecologically 
Oriented contributions is not disproportionally low in compar- 
ison with autecological ones, they are of a different quality. 
Such contributions, which do not take into consideration the 
taxonomical progress, and where it is evident that the authors 
used older earlier publications for determination (e.g. Gisin 
1960) or keys zoogeographically unsuitable for the given geo- 
graphic area, are to be considered as worthless. In addition, 


102 


50 


277 


in many works like these, it is apparent that the authors did 
not master the determination as well as the methods for soil 
microarthropod studies. 

The quality of synecological contributions is completely 
dependent on the taxonomical knowledge of the author. Contri- 
butions not only describing collembolan communities but ex- 
plaining some ecological phenomena and contributing to gene- 
ral ecological theory are usually connected with well known 
taxonomical schools or taxonomists. 

To support synecological research on Collembola it is ne- 
cessary to do parallel taxonomical studies or to collaborate 
with a taxonomist to check the determination. For further pro- 
gress in ecology we need new keys for determination written by 
the most experienced taxonomists. 

For descriptions of collembolan communities basic as well 
as more complex parameters are used. Some authors applied very 
sophisticated mathematical methods to characterize and compare 
the established communities, but very often little taxonomical 
knowledge is evident from the list of species. On the other 
hand, there are also many valuable synecological contributions 
from different countries which are a base for further develop- 
ment in synecology and general ecology. 

Conspicuous morphological differences among Collembola li- 
ving in diverse habitats led Gisin (1945) to their classifica- 
tion into five groups of life forms, differing morphologically 
as well as ecologically. Gisin s system of life forms was mo- 
dified by Bockemuhl (1956) and Stebajeva (1970). In all these 
modifications we can find shortcomings regarding disunited de- 
signation of morphological criteria, unfamiliarity with the 
true bionomy and ecology of the classified species and exag- 
gerated effort to fix morphological criteria of each life form 
category regardless of phyletical trends in some families. 
For example, the number of ommatidia in the compound eyes was 
probably not the same in the ancestors of individual phyleti- 
cal lines of Collembola, namely 8 + 8. The ancestors of Ony- 
chiurus were probably eyeless (no eyes have also dark pigmen- 
ted species with well developed furca such as Tetrodontophora 
bielanensis and Lophognathella choreutes Borner, 1908), and 
those of Xenylla and related genera did not possess more than 
5 + 5 ommatidia. But in the existing systems of life forms 
they were classified as euedaphic species. Therefore a new 
system of life forms for Collembola and Protura was proposed 
(Rusek, in press) as follows: 

‘A. Atmobionts 
a) macrophytobionts; b) microphytobionts; c) xylobionts; 
d) neustonts; 

B. Edaphobionts 
a) epigeonts; b) hemiedaphobionts - Bbl. upper, Bb2. lower; 


c) euedaphobions - Bcl. large (a - with furca, b - furca 
missing or reduced), Bc2. medium (a - with furca, b - furca 
missing or reduced), Bc3. small (a - with furca, b - furca 


missing or reduced) (Fig. 3). 

The life form structure is an important parameter of col- 
lembolan communities and reflects, for example, the develop- 
ment stade during a succession (Fig. 3), can characterize the 
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soil microstru- 
cture, etc.(Ru- 
sek, in press). 
Samples from 
periods with 
extreme clima- 
tical conditi- 
ons are chan- 
ging their pa- 
rameters (Fig. 
3, samples No. 
105, 104, 109, 
114) in connec- 
tion with the 
stade of  suc- 
cessional  de- 
velopment of 
the community. 
The changes are 
greater and ex- 


Fig. 4: Ürdination of samples from swampy tended to lon- 
(black dots), wet (full line) and dry (das - ger period in 
hed line) meadows. The inundations pushed the pioneer eco- 
samples 2 and 11 from the wet meadow in the systems (103, 
space of the swampy one (Rusek 1984). 104), less and 


shorter in du- 
ration in the more advanced ones, and almost missing in clima- 
xes (117 - 121). Some parameters of more advanced communities 
are in the extreme periods closer to or identical with the pa- 
rameters of the less developed successive stages, as demon- 
strated by ordination (Fig. 4). 

Collembola are no doubt an excellent subject for synecolo- 
gical studies. But there is a barrier for further development 
due to the lack of recent literature for identification. Syne- 
cological contributions dealing with Collembola almost did not 
influence general ecology and ecological theories. Collembolo- 
gists are contributing in an unappropriately low level to the 
on-going large international projects and programmes (SCOPE, 
IGBP, MaB, etc.). Participation in such projects would stimu- 
late not only the synecology but also the taxonomy of Collem- 
bola. 


4. Conclusion 


A great progress in autecology and ecophysiology of Collem- 
bola was achieved in the last decades. The results are based 
on the studies of the most common species. Autecological rese- 
arch should be oriented in the future to a wider spectrum of 
species, especially to the dominant and wide-spread ones, 
playing a leading role in ecosystem functionning. Differences 
in ecophysiology among diverse life forms may elucidate bio- 
logy and ecological demands of related taxa as well as their 
phylogeny. Collembola are an important part of soil mesofauna. 
To stimulate further synecological studies new comprehensive 
works for determination are needed. Participation in large in- 
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ternational ecological programmes and projects is recommmended 
to employ the results on a broad general ecological basis. 


5. References 


Anderson JM, Healey IN (1972) Seasonal and interspecific vari- 
ations in major components of the gut contents of some 
woodland Collembola. J Anim Ecol 41: 359-368. 

Betsch JM, Vannier G (1977) Caractérisation des deux phases 
juvéniles d Allacma fusca (Collembola, Symphypleona) par 
leur ecophysiologie. Z zool Syst Evolut - forsch 15: 124- 
LAL. 

Block W (1980) Survival strategies in polar terrestrial art- 
hropods. Biol J Linn Soc 14: 29-58. 7 
Bockemuhl J (1956) Die Apterygoten des Spitzbergs bei Tubin- 
gen, eine faunistisch-okologische Untersuchung. Zool Jahrb, 

Abt Syst 84: 113-194. 

Dalens H, Vannier G (1979) Ecomorphose et rétention hydrique 
chez le collembole Hypogastrura tullbergi (Schäffer). CR 
Acad Sci Paris 289: 931-933. _ 

Dunger W (1956) Untersuchungen uber Laubstreuzersetzung durch 
Collembolen. Zool Jahrb (Syst) 84: 75-98. 3 

Dunger W (1983) Tiere im Boden. Die Neue Brehm-Bucherei. A. 
Ziemsen Verlag Wittenberg Lutherstadt. 

Gisin H (1943) Ükologie und Lebensgemeinschaften der Collembo- 
len im Schweizerischen Exkursionsgebiet Basels. Rev suisse 
Zool 50: 151-224. . 

Gisin H (1960) Collembolenfauna Europas. Geneve. 

Hagvar S (1987) Why do collemboles and mites react to changes 
in soil acidity? Ent Meddr 55: 115-119. 

Hagvar S, Abrahamsen G (1984) Collembola in Norwegian conife- 
rous forest soils III. Relations to soil chemistry. Pedo- 
bio] 27: 331-339. 

Humbert W (1977) The mineral concretions in the midgut of To- 
mocerus minor (Collembola): Microprobe analysis and physio- 
ecological significance. Rev Ecol Biol Sol 14: 71-80. 

Joosse ENG (1983) New developments in the ecology of Apterygo- 
ta. Pedobiol 25: 217-234. 

Joosse ENG, Verhoef SC (1983) Lead tolerance in Collembola. 
Pedobiol 25: 11-18. 

Kilbertus G, Vannier G (1979) Microbial analysis and weight 
estimation of feces produced by four sympatric Collembola 
species in forest litter. Rev Ecol Biol Sol 16: 169-180. 

Klinger J (1959) Anziehung von Collembolen und Nematoden durch 
Kohlendioxyd-Quellen. Mitt Schweiz Ent Ges 32: 311-316. 

Kubiena WL (1955) Animal activity in soil as a decisive factor 
in establishment of humus forms. In: Kevan DKMcE (Ed) Soil 
zoology. Butterworths Sci Publ London pp. 73-82. 

Lawrence PN, Massoud Z (1973) Cuticle structures in the Col- 
lembola (Insecta). Rev Ecol Biol Sol 10: 79-101. 

Matic R, Koledin D (1985) Preference and feeding speciality of 
Tetrodontophora bielanensis (Collembola, Insecta) under la- 
boratory conditions. Rev Ecol Biol Sol 22: 121-129. 

Mills JT, Sinha RN (1971) Interactions between a springtail, 


280 


Hypogastrura tullbergi and soil-borne fungi. J econ Ento- 
mol 64: 398-401. 

Nadtochiy SE (1987) Fungi as constituents of gut contents in 
Sminthuridae and Dicyrtomidae (Collembola). In: Striganova 
BR (Ed) Soil fauna and soil fertility. Nauka Moscow pp. 692 
-696. 

Nekrasova KA, Artemeva TI (1978) Trofiéeskie svjazi kollembol 
i poévennych vodorosej. In SuSéeni LM, Chotko EI (Eds) 
Problemy poGvennoj zoologii Minsk pp. 167-168. 

Poinsot N (1974) Comportement de certains Collemboles dans les 
biotopes xériques méditerranées: un nouveau cas d anhydro- 
biose. CR Acad Sci Paris 278: 2213-2215. 

Rusek J (1964) K poznání společenstev Apterygot v západní čás- 
ti Tatranského národního parku. Sbor Prác TANAP 7: 218-226. 

Rusek J (1984) Zur Bodenfauna in drei Typen von Überschwem-. 
mungswisen in Süd-Mähren. Rozpr Českosl Akad Véd, Rada Mat 
prir Ved 94(5): 1-126 + 8 Taf. 

Rusek J (1985) Soil microstructures-contributions on specific 
soil organisms. Questiones Entomologicae 21: 497-514. 

Rusek J (1987) New types of linea ventralis in Collembola and 
its function. In: Striganova BR (Ed) Soil fauna and soil 
fertility, Nauka Moscow pp. 699-706. 

Rusek J (in press) Sukcesní vývoj společenstev půdních živo- 
čichů na příkladu Collembola a Protura. 221 pp. + 98 Tab. 
+ Figs. . 

Stebajeva SK (1970) Ziznénnyje formy nogochvostok  (Collembo- 
la). Zool Zurn 59: 1437-1454. 

Testering GJ (1981) Starvation in field population of litter- 
inhabiting springtails (Collembola). Methods for determin- 
ing food reserves in small arthropods. Pedobiol 21: 427- 
455. 

Vannier G (1983) The importance of ecophysiology for both bio- 
tic and abiotic studies of the soil. In Lebrun P. et all: 
New trens in soil biology. Dieu-Brichart, Louvain-la Neuve 
pp. 289-514. 

Zachariae G (1963) Was leisten Collembolen fur den Waldhumus? 
In: Doeksen J, Drift Jvd (Eds): Soil organisms. North Hol- 
land Publ Comp, Amsterdam, pp. 109-124. 

Zinkler D, Stecken R (1987) Digestion of leaf litter materials 
by the springtail Tomocerus flavescens (Insecta, Collembo- 
la). In: Striganova BR (Ed) Soil fauna and soil fertility. 
Nauka Moscow , pp. 730-734. 

Kubíková J, Rusek J (1976) Development of xerothermic rendzi - 
nas. A study in ecology and soil microstructure.  Rozpravy 
CSAV Rada mat přír Véd 86(6): 1-79 + 16 Plts. 


281 


